INTRODUCTION
Boundary layer flow due to rotating disk has been received substantial interest. In particular, MHD fluid flow and heat transfer have been examined in many recent researches. In the last few decades, some problems which are interesting from both engineering and mathematical points of view have been investigated. The rotating disk flows of MHD fluids are not only of theoretical interest, but they are also of considerable practical significance. Fluid flow due to shrinkable/stretchable disk are important in many applications such as glass fiber and paper production, cooling of metallic sheets or electronic chips, hot rolling, thermal-power generating systems, rotating machinery, medical equipments, computer storage devices, gas turbine rotors, air cleaning machines, aero dynamical applications, crystal growth process, exact solution for the steady state Navier-Stokes equation in cylindrical coordinates. Fang and Zhang studied the flow between two stretching disks in [10] . Watson and Wang [29] studied the unsteady flow over a rotating disk. Shrinking problems can also be applied to the study of capillary effects in small pores and the hydraulic properties of agricultural clay soils. Studies of flow due to a shrinking sheet have been considered by Makukula [15] , among others, [2] , [5] , [9] , [16] , [28] .
Effect of the uniform magnetic field on the flow over a rotating infinite disk has been studied by many researchers in [18] , [20] , [21] , [22] , [23] , [24] . Effects of the uniform radial electric field on the MHD heat and fluid flow due to a rotating disk was investigated by Turkyilmazoglu [20] . Effects of the radial electric field have been taken into consideration in some works in the literature [20] , [24] . To our best knowledge, Turkyilmazoglu [20] has initiated in his studies examining effects of radial electric field on the flow over a infinite rotating disk. Following that work, Uygun [24] studied analysis of Hall current due to a rotating disk with uniform radial electric field.
Heat transfer problem on the shrinking/stretching rotating disk has been studied by Turkyilmazoglu in [22] , [23] . In his works, results of behavior of the flow and temperature fields on shrinking disk and stretching disk effects have been investigated and compared.
In the literature, most of the studies in rotating disk neglected the induced electric field yielding a Lorentz force density free of the electric field. In this case the term of Lorentz force density free of the electrical field would not be properly correct, without vorticity of the flow which is perpendicular to the magnetic field in the entire domain. Since all three velocity components are nonzero in the flow, above assumption may not be possible. Therefore, the electric field is important and it has a significant effect on the Lorentz force term.
In the present work, the steady hydromagnetic flow of viscous, incompressible fluids over shrinking/stretching disk is examined with induced uniform electric field in the radial direction. This problem is an extension of well-known von Karman viscous pump problem to the configuration with a shrinkable/stretchable disk with or without rotation. In this work, an external uniform magnetic field is imposed in the wall normal direction, and a radial electric field produced by electric potential is applied. Because of the existence of uniform radial electric field at the infinity, a radial pressure gradient is generated. In the disk flow, the magnetic Reynolds number is assumed to be very small. Navier-Stokes equations, Maxwell equation and the energy equation have been modified for taken into account the presence of uniform radial electric field and magnetic field. The governing partial differential equations have been transformed into the form of non-linear ordinary differential equations by using Karman's similarity transformations.The system of equations generated by Navier-Stokes, Maxwell and energy equations has been solved using spectral Chebyshev collocation technique for varying values of radial electric, magnetic interaction, rotation parameters, and Eckert number. The effects of uniform electric field in the radial direction on the shrinking/stretching disk flow is analyzed.
MATHEMATICAL ANALYSIS
We consider the three-dimensional steady viscous incompressible electrically conducting fluid occupying a semi infinite region over a rigid disk rotating about its axis with a constant angular velocity Ω in the cylindrical coordinate (r, θ, z). The terminology given for an external uniform magnetic field and electric field in Turkyilmazoglu [22] and Uygun [24] is followed. The disk flow motion is governed by Maxwell's equation, continuity equation, Navier-Stokes equations including the Lorentz force and energy equation with viscous dissipation and Joule heating are as follows,
(1)
Lorentz force terms ( × ) play an mportant role n flu d mot on equat ons of magnet c f eld. Th s means that the veloc ty and pressure character st cs of the flow can be altered by the presence of the force on the flow of conduct ng flu ds. On the other hand, due to rad al electr c f eld mposed to veloc ty at the nf n ty, the tangent al d rect on veloc ty s g ven by v = Ωγr. Furthermore, ex stence of potent al flow nduced by rad al electr c f eld at the edge of the boundary layer mpl es that pressure grad ent n the rad al d rect on s =ρΩ 2 γ 2 r(see Evans [7] ).
The parameters in equations (1) (2) (3) (4) are following: ρ the density, v = (u, v,w) the velocity vector, ∇ the usual gradient operator in cylindrical coordinates, p the pressure, Re is the Reynolds number characterizing the flow defined by = , ν is the kinematic viscosity of the fluid, is the magnetic interaction parameter which represents the ratio between the magnetic force to the fluid interia force, T is the temperature of the fluid, = is the Prandatl number , cp is the specific heat capacity, µ is the dynamical viscosity and k is thermal conductivity of the fluid. Finally, Γ is the ratio of the specific heats, M∞ is the free stream Mach number.
The basic flow of incompressible case, also called as Von Karman's steady state flow, is well known. The Von Karman's [13] flow will be considered, which means that the disk flow is assumed to evolve alongside the boundary layer coordinate η = Re 1/2 z, in conformity with the self similarity variables (see Hossain, Hossain& Wilson [12] ),
(jr, jθ, jz) = (B0rsΩJr(η), B0rsΩJθ(η),BoΩRe −1/2 Jz(η))
where is the temperature at the surface of the disk, is the temperature of the ambient fluid at far from the disk. These quantities in (5) inserted into the governing equations (1) (2) (3) (4) , and also neglect terms of O(Re −1 ), then the disk flow quantities are determined from the subsequent equations, 
where C is the wall conduction ratio of the electrical conductance of the wall to electrical conductivity of the fluid and ω = Ω/s represents a rotation strength parameter measuring the ratio of swirl to shrink/stretch and ω = 0 means a pure shrinking/stretching without rotation. We should denote that equations (6-11) and boundary condition (12) can be described as an extension of the problem of Fang [8] in the nonmagnetic and non-heat conducting flow case. It can be easily shown that integration of the third momentum equation implements the shrinking/stretching pressure.
The heat transfer from the disk surface to the fluid is computed by application of the Fourier's law and by using transformation for heat term we obtain
By rephrasing the heat transfer result, we can get the Nusselt number as
The action of viscosity in the fluid adjacent to the disk tends to set up tangential shear stress, which opposes the rotation of the disk. Also, in the radial direction there is a surface shear stress. Applying the Newtonian formula, the radial τr and tangential components τθ of the shear stress are respectively expressed by
Of physical interest is also the magnitude of the constant axial velocity at infinity, given by H(∞).
In this work, we numerically solved the equations (6-11) under the shrinking boundary conditions (12) and the stretching boundary conditions (13) respectively by using Chebyshev collocation method which is a matrix method. This method transforms the differential integral equations to a matrix equation, which corresponds to a system of linear algebraic equations with unknown Chebyshev coefficients.
RESULTS AND DISCUSSIONS
In this section, we considered the system of differential equations (6) (7) (8) (9) (10) (11) under the the shrinking boundary conditions (12) and the stretching boundary conditions (13) , and through using these flow profiles, relavant calculations are made for the shrinking(12)/stretching(13) boundary conditions. The numerical results are obtained by utilizing Spectral Chebyshev collocation sheme basing on Chebyshev polynomails.
To verify the accuracy of the Chebyshev collocation method, we compared studies of Fang [8] and Turkyilmazoglu [23] . A comparison with the results of Fang [8] for stretchable disk, and Turkyilmazoglu [23] for shrinkable disk are tabulated in Table 1 and Table  2 , respectively. These tables give a clear evidence for the accuracy of the numerical method. Moreover, figures (1(a)-1(b)) which shows the velocity profiles of the shrinking/stretching boundary layer flow over the rotating disk are in confirmety with the graphs given in Fang [8] and Turkyilmazoglu [23] . We solved the equations (6-11) both under the shrinking(12) and stretching (13) conditions to compute various velocity and temperature profiles as depicted in Figures (2-11) . These graphs show effects of the radial electric parameters, magnetic interaction parameters, rotation parameters and Eckert numbers in governing equations over shrinking/stretching disk. It can be inferred from these pictures that regardless having the radial electric parameter γ positive or negative values, the radial velocity profile near the disk increases as the rotation parameter increases. This situation occurs as a result of the fluid particles in the radial direction pushed by centrifugal force, while rotation parameter increases. However far away from the disk reverse effect takes place. This means that the effects of the centrifugal force is restricted to the vicinity of the disk surface. Although this feature of the radial velocity is valid for all its positive and negative values, there is an impressive increment on the radial component of velocity near the shrinking disk in the case of positive radial electric parameter.
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Effects of uniform radial electric field on the MHD and heat transfer due to a shrinking/stretching ... In stretching disk, these current cases are similar with the cases in shrinking disk. In addition, for both the shrinking disk in figures (5(a)-7(a)) and the stretching disk in figures (2(a)-4(a) ), the size of the interval of η shrinks as the rotation parameter increases. Moreover, where the radial electric parameter is positive, any increment in the value of a Magnetic interaction parameter has no significant effect on the radial velocity profile. On the other hand, when the radial electric parameter takes negative value, the radial component of the velocity profiles increases while a Magnetic interaction parameter increases over stretching disk as given in figures (2(a)-4(a) ). In the shrinking disk, not only the radial electric parameters take positive values, but also the radial electric parameters take negative values, it is also apparent similar effect with stretching disk as a Magnetic interaction parameter increases from graphs (5(a)-7(a)). All of these can be easily seen in tables(3-4).
Graphs (2(b)-7(b)) illustrates infuence of radial electric parameter on the tangential velocity profile. When the radial electric parameter increases, the tangential velocity increases both in shrinking and stretching disks. Near the wall of shrinking disk it more increases than near the wall of stretching disk for positive radial electric parameter as the rotation parameter gets small values. Moreover, it can be visualized from these pictures that the tangential velocity profile increases as the magnetic interaction parameter increases for positive radial electric parameter. On the other hand, when the radial electric parameter becomes negative, the change of the tangential velocity profile is not significant as the For the stretching disk, effects of the radial electric parameter in the axial component of the velocity can be visualized in figures (2(c)-4(c) ). It can be inferred from these graphs that positive radial electric parameter has a big impact on the axial velocity profiles. In case of having the radial electric parameter negative, it does not cause to a significant change in the axial velocity profile as the rotation parameter increases. However, while the radial electric parameter takes positive value the axial component of the velocity profiles decreases as the rotation parameter increases in the stretching disk. Meanwhile, when the radial electric parameter takes negative values the axial velocity decreases, in case of positive radial electric parameter the change of velocity on axial component is not important as the magnetic interaction number becomes stronger in the stretching disk. Graphs (5(c)-7(c)) show effects of the radial electric parameter, Magnetic interaction parameter and rotation number in the shrinking disk. All the cases on axial velocity profiles in shrinking disk like as the cases in the stretching disk. All of these can be clearly seen in tables (3-4). Figures (8) (9) (10) (11) demonstrate temperature profiles which depend on the velocity components for different electric parameters in radial direction, Eckert numbers, Magnetic interaction numbers and rotation parameters at the fixed Prandtl number =1.0. Effects of the radial electric parameter depicted in graphs (8) (9) (10) (11) . It can be obviously inferred from these pictures that negative radial electric parameter has an infuence on temperature profiles for shrinking and stretching disks.
Effects of uniform radial electric field on the MHD and heat transfer due to a shrinking/stretching ... For the shrinking disk, when the rotational number increases size of interval of η shrinks. Conversely for the stretching disk the effect of increasing rotational number becomes reversed. On the other hand, not only in shrinking disk but also in stretching disk, size of interval η extends as the Magnetic interaction number increases for all values of radial electric parameters.
Furthermore, whenever rotation parameter increases more, temperature profile is likely to be present for negative radial electric parameters. The case can be seen in figures (8) and (11). This means that the number of presence of temperature profiles increases for negative radial electric parameters as rotation parameter increases in both shrinking and stretching cases. It is also apparent from graphs (9) that when positive Eckert number increases, temperature profile increases in shrinking disk. Finally, decline in the radial parameter causes an increment in the temperature profiles in shrinking disk. These two cases provide similar features for stretching disk. It can be clearly seen in graph (8) .
Variations of the radial shear stress F′(0), tangential shear stress G′(0), the velocity in the radial direction H(∞) and coefficients of heat transfer −θ′(0) have been tabulated with various radial electric parameter γ for two different magnetic interaction numbers = 1.0, = 3.0, and for three different Eckert numbers = −3.0, = 0.0 and = 3.0 respectively in tables (3-6).
Effects of uniform radial electric field on the MHD and heat transfer due to a shrinking/stretching ... When negative radial electric parameter increases the radial shear stress decreases for negative Eckert numbers. Its reverse effect is apparent when the radial electric parameter becomes positive in shrinking disk. These cases in shrinking radial shear stress are similar to the cases in stretching disk. It can be clearly seen in tables (3) (4) . It is also inferred from these tables because of increasing the rotation parameter initially for negative radial electric parameter, and then for all values of radial electric parameter, characteristic of the radial shear stress is changed as the Magnetic interaction number increases in shrinking disk. On the other hand, in stretching disk the radial shear stress decreases, except for beginning of rotation at enough large radial electric parameters as the Magnetic interaction parameter increases. When the magnetic interaction parameter Mn increases, behavior of the tangential shear stress in shrinking disk and in stretching disk becomes similar. That is, the tangential shear stress decreases as the radial electric parameter becomes negative, tangential shear stress increases when radial electric parameter gets positive value at the beginning of the rotation. When the rotation speed up, shear stress in the tangential direction only decreases. In the two cases, negative radial electric parameter has a big impact on the tangential shear stress. Finally, the impacts of radial electric parameters in coefficients of heat transfer can be deduced from tables (5-6). These tables show that when Eckert number becomes negative the heat transfer coefficients decreases for negative radial electric parameter. On the other hand, if the radial electric parameter is positive, the effect on the coefficients of heat transfer becomes reversed. Moreover, in shrinking disk while the rotation parameter increases, coefficients of heat transfer increase until the radial electric parameter larger than unity. In case of stretching disk the effect reversed for all values of radial electric parameters. In these cases Eckert number is negative. Above mentioned situation is still valid for increment of the magnetic interaction parameter. Furthermore, it can be deduced from tables (5-6) that heat transfer coefficients decrease for all values of the radial electric parameters as Eckert number increases both in shrinking and in stretching disk. 
CONCLUSIONS
In this work, effects of radial electric field in steadyincompressible boundary layer flow over a shrinking/stretching disk have been investigated. Navier-stokes equations, energy equation and Maxwell equation were reconstructed using selfconsistent assumptions. The resulting system has been solved numerically by using Chebyshev collocation method. Behavior of the velocity and temperature profiles in this system are obtained and displayed graphically.
Therefore, influences of radial electric parameter, Eckert parameter, magnetic interaction parameter and rotation parameter are observed from given graphs and tables. One of the main outcomes of the present study is that negative radial electric parameter has a big effect on temperature profiles both in shrinking and stretching disk. It can be concluded from figures (8) (9) (10) (11) and tables (5-6) that number of presence of temperature profiles increases for the negative radial electric parameters as rotation parameter increases in both shrinking and stretching disks.
